Abstract: This paper details the findings of a study that was conducted to explore how data visualizations could be used to get a targeted emotional response. In total, there were ten original graphs created that were then manipulated in some manner to attain another emotional response, giving the study twenty graphs. The study was conducted in an electronic survey format. Characteristics examined were color choices, font type, and scale. Faculty and students of Eastern Washington University were asked to partake in the survey. We found that it was possible to affect the emotional responses to a graph by changing the colors. Changing the font and scale of the graphs did not yield significant results.
INTRODUCTION
Data visualizations have been used for many years to influence and inform people on a wide variety of topics. In the modern age of big data, it is becoming more important for us to be aware of the ways in which data visualizations can be used to influence our understanding the of the data and the world at large.
To this end we designed a short survey as part of a course to help demonstrate the ways in which modifying data visualization can influence the emotional responses of the viewer. To demonstrate this, we created 10 different data visualizations using both real and manufactured data. We then modified the graphs by changing the font, color, and/or scale. The survey also collected basic demographic information: gender, age, ethnicity, and level of education.
REVIEW OF LITERATURE
In the article "Speak to the Eyes: The History and Practice of Information Visualization" by Jefferson Bailey and Lily Pregill [2014] , the authors give an overview of the data visualization. Bailey and Pregill give several examples of people who have shaped the field of data visualization. Bailey and Pregill first organize their paper by important people in establishing data visualization as a field and then move into different type of data visualization organized by data of inception. The authors conclude by summarizing the functions of data visualization in the modern context. Namely, that data visualizations "support new modes of understanding, serve an administrative function, and play a unique role in mediating how users explore and understand groups of material" (Bailey and Pregill, 2014, p. 191) .
The article "A Picture Is Worth A Thousand Words: Visualization in Data Analysis" was published in 2017 by Tricia Leggett. In her article she discusses different types of data and data visualizations and how different visualizations are better suited for displaying different results. Leggett discusses pie, column, and scatter plot charts outlining the uses and misuses of each of the chart types. Leggett concludes that pie charts "best [communicate] data that can be shown … to represent parts of a whole" (Leggett, 2017, p.2) . Column charts, on the other hand, are best for categorical data over time. Finally scatter plots are useful for shown relationships between two variables and outliers in the data.
The UM/3M paper by Vogel, Dickson, and Lehman in 1986 details a study that measured how computer visual supports affect the persuasiveness of a presentation. In this particular study used variables such as "color vs. black and white, plain text vs. text plus pictures and graphs, and 35mm slides vs. overhead transparencies." The study found that "audience attention, comprehension, yielding, and retention culminating in action" when visual aids were used increased compared to when they were not.
Specifically, the persuasiveness of the presentation increased by 43% when visual aids were used.
At the time of the study there only other study of its like was conducted in 1981 by the Wharton School of the University of Pennsylvania. The UM/3M study sought to expound upon the Wharton study since they claimed that while the UM/3M study was often cited, claims exceeded the study's explanatory capabilities.
The UM/3M study used two measures, time and money, to see whether or not visual aids were more persuasive. hey then narrowed it down to just time on the basis that college students had on average the same amount of time available. However, student's financial situations could be drastically different and therefore willingness to spend money to go to a seminar was not the best measure to use. It was concluded that groups getting visual supports planned to spend 16.4% more time and 26.4% more money on seminars.
The article "How the Brain Processes Images" written by Barron explains that no matter where someone comes from, people process images in the same manner. Everyone has visual centers that control specific neurons that fire when things like vertical or horizontal lines are detected. There are two different types of visual orientating, top-down and bottom-up. Top-down, or goaldirected, is when we choose to shift our attention to certain objects. Bottom-up, or stimulus, orientating is when our attention is almost forced to focus onto something. Busy things, such as a lot of crisscrossing lines, use our stimulus driven orientation to force our attention onto it. An artist, Sima, uses geometric shapes, "atypical" colors, and angles to force attention to his works. He uses offsetting colors to evoke feelings of "awe, turmoil, and passion" and color combinations with bold or faded lines to grab attention and affect the desired emotional response.
HYPOTHESIS
It is possible to manipulate data visualizations is small ways such as, color, font, scale or a combination of, to affect the triggered emotional response to the data. Table  1 indicates the aspects of each graph pair that was manipulated for the survey. Figure 1 is the graph for Name Things in Group 1. Figure 2 is the graph for Name Things in Group 2, where the color and font have been changed. Respondents were exposed to all ten graphs in group 1 in a random order before seeing all ten graphs in group 2 in random order. Figure 3 is all pairs of graphs in decreasing order of significant response difference with group 1 on the left and group 2 on the right. Name Things Graph in Group 2
SAMPLE DESCRIPTION
The sample population for this study was comprised of students at Eastern Washington University. The survey was managed electronically through Qualtrics to ensure anonymity. The survey was only available for a two week period due to course limitations. Of the 40 responses kept after data cleaning, there were 25 respondents in the age group of 18-24, 6 in 25-34, 1 in 35-44, 5 in 45-54, and 3 left blank. There were 24 male respondents and 16 female respondents. The ethnic demographics were 32 White, 1 Black or African American, 3 Asian, 3 Hispanic or Latino/a, and 1 Middle Eastern. 
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METHODS
After collecting the results of our survey, we had a total of 45 responses. Before analyzing the data, we removed any of the responses that did not start the second half of the survey since there was no data to compare across the responses. This left us with 40 responses fully completed.
We then categorized the emotional responses into three categories: Positive, Negative, and Neutral. The emotions captured in the positive category were happy, optimistic, and some responses from the other category such as amused and intrigued. The emotions captured in the negative category were angry, sad, pessimistic, disgust, and responses in the other category such as depressed and powerless. The emotions captured in the neutral category were indifferent, surprise, and responses in the other category such as confused and none.
Once the data was grouped into the three categories, we created tables for each of the matching pairs of graphs to perform a Chi-square test goodness-of-fit to compare the distribution of responses from the graphs in the first half of the survey to the corresponding graphs in the second half. After creating the tables, we checked to see if we needed to further group the data to have at least five for each category for the graphs in the first half of the survey. In such cases, we collapsed either the Positive or Negative grouping into the Neutral grouping to create only two groups Positive and Not-Positive or Negative and NotNegative. We reduced the groups from three to two in three cases. For the YMCA Lyrics Graph, and Salary by Degree Field we collapsed the negative category and aggregated the responses into the neutral to form the NotPositive Category. The Things People Can Name Graph had the Positive Category collapsed and added the responses into the neutral category to form the NotNegative category.
We then performed three different tests. A Chi-Square test for Goodness-of-Fit between on each of the pairs of graphs was performed to determine which pairs yielded significant results in terms of different emotional response. We also aggregated the data and repeated the Chi-Square Tests for Goodness-of-Fit on each of the types of treatments to determine if changing the color, font, scale, or color and font of the graphs yielded significant differences overall. Finally, we considered whether our result could be the artifact of inadequate randomization. We tested each of the response pairs using an F Test to determine if we could assume equal variance and a Two Sample T-Test to determine if the number of graphs seen between pairs could have been a significant factor in determining if responses were the same or different. 
RESULTS
We determined that of our ten graphs, four were found to be statistically significant when the differences in emotional responses were analyzed (Table 2) : Energy Produced, Name Things, YMCA Lyrics, and Magazine. Only color was significant when the attributes were aggregated ( Table 3) .
Two of the graph pairs had significant differences in viewing order when split by whether the responses were different or not. The two in which order may have played a significant role were Name Things (F = 0.9393, p = 0.4753, pooled-t = -2.3161, p(two-tailed) = 0.0259) and Salary (F = 0.5488, p = 0.1731, pooled-t = -2.1717, p(twotailed) = 0.0360). It is important to note however that only Things People Can Name had statistically different responses while Salary by Degree Field did not. The other three graph pairs with statistically different responses were not statistically different in the viewing order test. Furthermore, the remaining five graph pairs were also not statistically different in the viewing order test. As no systemic pattern was apparent, inadequate randomization does not appear to be a factor driving the results of this study.
DISCUSSION AND FUTURE RESEACH
The conclusions from our study are limited and may not apply to most of the population as our sample was only from people currently in college and specifically only in a few departments at Eastern Washington University. Of our sample of 41 people, 31 were between the ages of 18 and 34 and 32 of 41 identified as White. The disproportionate numbers of young and white respondents coupled with the size of the sample cast doubt on the applicability of the results to the general population. It is necessary for further research to be done to generalize the results to a larger population. For further analysis, we would suggest using a sample that has a wider variety in ages, ethnicities, and other demographic variables.
It is also probable that cultural context may play a key role in how individuals responds to changes in color, font, and scale, though it may be most influential in color. Accounting for such difference in future studies will likely be necessary to improve the power of the study results.
Further analysis should also be done to refine and codify how visualization can affect emotions. Specifically, with a wider variety of graphs and a larger sample size, it may be possible to account for when changes in color are likely to influence a change in emotional response. Determining when magnitude of change in color or if specific colors are more effective at eliciting specific emotional responses is the next logical progression for follow up research.
The other two changes in graphs (font and scale) could similarly be expounded upon further to see if they could be codified in such a way as to predict when changes in emotional response will occur. This would require more extensive testing and a larger sample size. It is believed that further research may be able to determine what types of changes are most likely to influence changes in emotional response.
Further research would help areas such as marketing. Knowing what specifically would elicit the response that marketers would want would save time and resources. Broadening the research to include more cultural backgrounds would be necessary since color was statistically significant and research shows that certain colors mean different things in different places of the world.
